Abstract-A fundamental function of nociception is to trigger defensive motor responses to threatening events. Here, we explored the effects of phasic pain on the motor excitability of ipsilateral and contralateral arms. We reasoned that the occurrence of a short-lasting nociceptive stimulus should result in a specific modulation of motor excitability for muscles involved in the withdrawal of the stimulated limb. This was assessed using transcranial magnetic stimulation (TMS) of the left and right primary motor cortex to elicit motor-evoked potentials (MEPs) in three flexor and two extensor muscles of both arms. To assess the time-course of nociception-motor interactions, the TMS pulses were triggered 50-2000 ms after delivering short-lasting nociceptive laser stimuli to the left or right hand. We made three main observations. First, nociceptive stimuli induced an early-latency (100 ms) enhancement of MEPs in flexor muscles of the stimulated hand. Considering its latency, this modulation is likely consequent to nociceptive-motor interactions at spinal level. This early and lateralized enhancement was followed by a later (150-400 ms) MEP reduction in extensor muscles of the stimulated hand and flexor muscles of both hands, predominant at the stimulated hand. Finally, we observed a long-lasting (600-2000 ms) MEP enhancement in muscles of the non-stimulated hand. These later effects of the nociceptive stimulus could reflect nociception-motor interactions occurring at cortical level.
INTRODUCTION

11
Because of its intrinsic aversive nature, pain strongly 12 influences behavior. For example, following a lesion, 13 pain-related changes in motor behavior can protect from 14 further injury and promote recovery (Hodges and 15 Tucker, 2011; Burns et al., 2016) . Most importantly, the 16 ability to generate swift motor responses to the detection 17 of a sudden noxious stimulus is crucial to prevent or limit 18 injury, and is thus essential for survival (Iannetti and 19 Mouraux, 2010). (Andersen, 2007) . 35 Similarly, it was shown that high-intensity electrical stimu- There is also evidence supporting the existence of 43 nociception-motor interactions at cortical level, but these 44 interactions have not been characterized as extensively. 45 For example, Frot et al. (2013) found, using depth elec- (Cincotta et al., 2005) . A 1-ms inter-pulse interval 164 was chosen as this interval is sufficiently short to avoid 165 inhibitory (Ferbert et al., 1992) Table 2 . Two-way repeated-measures ANOVA comparing, for each flexor/extensor muscle of the hand (FDI, FCR, ECR), the MEPs elicited by TMS pulses delivered 50 ms (ISI cluster 1), 100 ms (ISI cluster 2), 150-400 ms (ISI cluster 3) and 600-2000 ms (ISI cluster 4) after the onset of the nociceptive stimulus (factor 'ISI cluster'), and recorded from muscles of the laser-stimulated and non-laser-stimulated hands (factor 'side'). In conclusion, the present study shows that phasic 
